"22. SEP. 2004 17:18 



PATENTANW. LOUIS POEHLAU LOHRENTZ 



NR. 3552 ... S.. T 



(19) 




3K 



ANE6E PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number 05259434 A 



(51) Int CI 


H01L 29/28 
H01L 31/04 








(21) Application number: 04W99M 

(22) Date of filing: 13.05.92 


(71) Applicant 

(72) inventor 


NiMH A PRINTING CO LTD 

UEHARA KAKU 
GUGIMOTO AK1RA 
INOUE HIROO 
KITANO HISAO 



with 



(54) ORGANIC RECTI fYl NO ELEMENT 
(57) Abetraot 

PURPOSE! To provide an organic rectifying 
©yeallant rectifying function. 

CONSTITUTION: A fltaao board 1 provided with a gold 
electrode 2 thereon through a eputtenng J***^*^; 
and a poiy^methytthiopbone layer ie piled up thereon 
through electrolyte oxidation polymofuabon. Then rt 
ia alectrocnemlcauy applied with e dedopmg treatment 
to form a nigh molecular conductive layer 3, a 
s^mathyM OXp-memyloenzyO-S, 1 O-dihydrophcnejane film 
4 ia deposited on tne layer 3 thrcugh a veeuum 
deposition memoa. ana further eluminum 18 
vacuum-dopoeitad on tne film 4 to form an electrode >5, 
and thereby an organic rectifying element in reateed 
finelly. 
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, .mi* document has been translated by compute. So the translation may not reflect the original precisely. 
2 fihows the word which can not be translated. 
3.ln the drawings, any words arc not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Sor Setion, a photodiooe, a light emitting diode, or a swtch. 
[Spt.ono^^ 

Ski thin film of a work function as on organic rect.fy.n [ dev»e« _* I ^^^^L invcntion p^one developed the or£ jnic 
A^and aluminum / Polly 1™^"?™'^'^ h u JP stmztj^^lT^ were already shown, they wer? ! • 

" KSU) to be Solved by the mvention] Although this invc«Uonp = « p^^ 

[0°°*] , ... • , it was shown clearly that it has the organic rectification excellent inti b 

pvlcant for Solving the Problem] th.s " nvcn ?« n PS„*^irof 5 (Tc^TrelelSng group) permutation- 10-(anuky I or nuclei- 
component which has the component to which """^^ £ *J2 /^Vo, short ), a macromolecule con.li ic 
substituiion aralkyl>5, the 1 ^»^g^g^ £2E*£t& SmwSKS conductor ingredient layer said here Isjj I 

»^nsK^^ 

metallic sulfide, and an alloy oxide. „,i AOn ; n „ «r OUD -> oermutation-10-(aralkyl or nuclear substitution oi»lkyl)-5 w f. - 

[0005] The electron releasing group .n 5-(elcetron re eesmg group) JfJJ™ r J lcal> amino group, an alkylam int r ad.oal, 

dihydrophenazine (it is hereafter called Phcnaz,ne for sh^) An aJfcylg eup^ a p E p lRj j IRl j radic k a 

o dialkylamino radical. They are the acylamlno radical, an « Jj^^^JJr a £opyl group, an isopropyl B ~up. n-butyt t» 

SSBfa HHaralky. -ucle" sub,^ 

fluoro benzyl, p-fluoro methylbenzyl radical, p-chloro benzyl, p-BU ™°*JgJJ _s m . dJ amino benzylf m-Jl (N-permutk ton 
S-mmcmyioenzyl radical), l^it^S£SfJSl»d c-JIKURO benzyl (for e£E ble. 2 

amino) benzyl, m-screw (wfluoromethyl) benzyl, i^5'!?iSJi^^Sro2™ie, 2, 4-diehloro benzyl, 3, 5-dichloroj«hzyl), 
and 3-dich.oro benzyl " 'SSSSSSZ of group of *e aralkyl «3 1 " 

m-dibromo benzyl. m-duodo benzyl, etc. in . . dl£as w w you may branch also with the straight ohaih . 

least with 10- of phenazine is 1-4 pieces, and, as 5^"^^J^tSUd« or rwo or more sorts of mixture lals uffioent 
[0007] Ac long as this phenazine is the abovc-mcnuoned com P^ d ^^5 e 1 r n< 7 t P , M ^ antl-oxidant of an amount, UV >U pilizer- 
as it. The spacer powder (plastics powder. sHica powder : g-^SJjK^iS^^ phenazmes are used as thejf 1m. and 

Polly 3. 4-dimethyl pyrrole, The poly thiophene, Polly J^^*pX^^y^ oS" po^llah to cetylene, Polyphenyl * ktylene, 
polyethylene, a Polly p-phenylenc sulfide Polly y^^^^^^Mn^ poly pyridine. Pori (N-metbyl pyrrole), 
a polyvinyl carbazole, the poly diacetylene. Conductive rabbw nd the rem wmcn mese can also be used. | 

. poly picoline, etc., and these can use doping either a non-doped object or " "^J^S^S^tfhrtic graphite, a conddc live . 

KdSnSn these can also be used among macromolecule conductor ingredients. j . ■ 
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[OOlOjAseoafooneyste^^ 

KETCHIEN Block, ' J?^^ote g^t^olerale committor ingredients. Al . ...II. 

object or an object, «d contau, i*ee* can ^^Jgg^ plallnuni , pa i la diom, and nickel -) Aluminum, an indiun i, 
[0011] as a metal system ingredient - a metal (for example. y„a si h ^ ^minum alloy such as a zirconium A . 

Magnesium, calcium, siheon, tiojnium alloya (Jj "jJ^J £ '™ ulus me L), a mcullic oxide (for example, an alummum oxid,,. 
titanium aJioy. a Magnesium alloy, aj «n aUoy « "J™ Sf£t from oxidization titanium, the tin oxide, a zinc ox.de. °x.dizai.tfj| 
indium oxide, and silicon oxide -) What made thclntnce \°7 conductivity Conductive rubber and the resin which th crc 
c7 p p™ ( antimony oxide, a zirconium 

metallic oxide), etc.. and contain thes* .^ a £ n ^ u B S I !* arc< , a mac romolecule conductor ingredient layer and a macro™ fecule 

[0012] Tne phenazine film said tothis ' n ^ n « tagredient layer and metal system ingredient layere or be^« «• 

conductor ingredient layer or in between a m £"7 n °J° c "^^ one taminating of one of these combination is suffib ent as 

S5£S3£» layer of — exchange ~7/^^^ ^ ^d after usually being prepared li 

[0013] Although it w, r be covered ^^£^jS%^«* etc.) and attaching a suitable electrode section dep< Ung 
substrates (glass, plastic, a film,a metal 6h ^«^ bs ^ P Xhefefore> mc Mdaim of this laminated material may change, 1 b 
on the object, a laminating may be earned^ °^^ n » s "f^ , macromolecule conductor Ingredient layer, or the thickness of a m ?tal 
arbitration with the thickness of a substrate, the thickness 01 a mww"»' thickness of 200-3000A by the monolayer 1 

ystem ingredient layer. However, about the phenazine film, it u .good to ™*V'™™™™ n muUistory t of me phenazine Hi] is 
^ereforefahhough sum total <*U M^^S 'S!SX£SSSSZ thickness of each phenazine Him Uin 

fol^One approach of the degrees U adopted as » 

(1) the approach (3) of painting *;£ u "£tS (an inflatable 'flexible bag technigue, the £ ^ting- 

the phenazine film 4. , u hatraie I it is desirable in laboratory to make It the transparent electrode which c j *rcd 

[0016] As for the electrode 2 W™*™*™**^'"^™^ ^ be gJmed on the substrates I. such as a glass platej; . 
the whole surface of a substrate 1 substantially. A ^V^J^^J^^ m indium , mdium tin oxide (ITO film), and Xt t tin 

^o^wheTusing esWwiy as a monolayer electrode, ae for | , 

rnn 1 71 a itKnutrh it eh&nees with classes of electrode 2 formed on a SUDS irate 1, wnen using Mwuumm ■» Ji.._:_..JL 

[00 17] Although it «*ang« L^iTrectifvina device it is desirable to make the phenazine film of this invention on an aluminum 

of the counter electrodes, such as a golden electrode, on it former if needed. SUPPATA Llna* method duL for 

» carry out vacuum deposition of the eleotrodes, such as aluminum, If needed. I 
&] tn the organic rectifying device of this ° f 

r 



which die barrier of a shor ^ ~"^JJJ5^« ^ ^SRdrtEtfi* Invention, in order to oppose ad 

molecule conductor layer and the phenazine rum arises in w ■ r , B .,„, eenaraiion of a chaise arises 

potential gradient, a current does not flow but functions as diode Moreover, b> ' .•^^^^^Si^SSST 
Cl__r.„ r-^ , ~ n f^k>»P *ri«« in accordance with an eleotric potential gradient. Thereiore, oy covering aiaaa aim 



potential gradient, a current docs not tlow out runcnons « oio»«. -7 iT^„nt Th^fore bv covering a load and i. 

mtorface Lid transport of a charge arises in accordance with an electric potential gradient. Th«fom, Jl^Suiwd md fit ftLolons 
connecting too hastily externally between the two electrodes of an organic ^^"-J tin SSl*e c taS Sfh^orelS^ 
also as a ohotodiode. You can make it function also as light emitting diode using emitting light, in case ™ ™"TC ,Hnna,nn "* 
S^fcSS^tW-diffawnc. impression of the forward direction recombincs with the reverse charge in bulk- 

Sple] About the organic rectifying device of this invention, although experimented In a large number, the example of 
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representee*^ t^^^^ 

£bng^^ 

Fot^atieWel-firs^^ 

Sethy.thiophene (it b hereafter called ^^f^^S^ m achSS S£ry torgEc, *e laminating of 5-memyl. [o-(p- 
after carrying out undopins processing of this PMeT film at an e ' et ^'"' ^^ Dp s was cailicd out w th the vacuum deposi t bn 

^^ZlSSl "--current W»« voltage to ^^^^ 

curve was investigated, ifrowing 2 and drawing 3 are graphs which ^ wWeh A time of impressing a forf ird 

apphed voltage continuously. Consequently, it was checked That the sable I^n The cu5r«u value when the curre> 

Seal potential difference to a golden e °f potential different of 
value when Impressing tte electrical pountia \^^/.^^?^ T ^^^\ Moreover, in the applied voltage of • 2V, 
+14.0mA and -4V was the rect.ficat.en ratio 120000 in -0J 1 1 ™> C J°A e * ™ . (refcr t0 dtawJng 3 ). 

photoouneo. vote sen* ' »J^?"T, U p&Ver ffiS o?^Me? "oyer. Moreover, staoe . photoeotreot v. oe H " *' 
1e iOMrfoce of o [*« ? k ^%™i*„,™i!^Dp»tanii optica eKpoitre ie ourtea out tan HI alominom electrode etc e, the 
^tosxtotum (O) and near the skirt of ebsorption « SjffJilKl baek of a MMDP leyee. I*, Oie Imertlice of PlfltT 

.creco effect by MMDP is shown, ond ..tores »« ttee reem eelmty "~ MMDP with . soldea electrode and oWritiutn 

domioure end MMDP i, »Uo Itiiow by ^'^1^ '^„^^!i'!a<.«vbeiizylJ-5 l(h«hydrophene™e 5-reetbyHb«"*ee ed" 
[0025] to ettorepl. 2 «t«nple I «i»«d of MMDr '^^^^SSSlAs ee* eireSno&etored ostoj (it being he|»&« 
M !?^pt W io^^^^ edled MDl&P (or.shoj When 

SS£ = ffSS !C!S"S^3rA» to the eorepooere ostof.2000 C«2»> «K> UoP. 

13000). the poh^ thiophenc <*£"™™J"*V 1 00m Urolvsis oolyimide (rectification ratio 8000), a pyrolyslS polyacrylonitrfl c 
2000). a polyvinyl carbazolc (recuficat on ™^2g£? E™er when a metal system ingredient was used similarlyf be 
(rectification ratio 5000). and graphite (rectifica ion ratio 6000). Moreover when a meca |>£« m chlorid< > doping aluminiiifT 
result of an indium (rectification ratio 12000). aluminum magnesium (rectification nUic ^f n °^>i "^^r^i^ * r so fcL 
oxide (rectification ratio 4000). antimony-pentachloride doping tin oxide (rectification ratio 14000), and conductive copper suit pa 
v ^ ectification ratio 1 0000) was obtained. j 

„f the Inventionl Since the oreanic rectifying device of this invention rectified efficiently using both interface barriers dfjfor 

^e^ 

X £^ of bulk! It functionraiso as electroluminescence devices using J^g»S 

w!* XESmi I Sing light. Therefore, it is sure that the predominance of the application in the industrial world of his 

Invention is a greatest object. 
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PRIORART ■ 

[Description ofme Prior An]^^ 

nTc-J thin film of B work function « «n °/^^bS_.fo^o> Au ulSd Almoush this invention persona developed the or_- f« 
Au, and aluminum / Polly ^^ tAllo f^L^£ l 3 M JP 59 -28388,A and j£--91269.A were already shown, they were 

bilayer mold optoelectrlc transducer and clanf.cd *^SL^S!_o Rectifying device, 
approached by the need for development ofa still more effective organic r- y » 
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, This document has been translated by computer So the translation may not reflect the ordinal precisely. 
2 •••• shows the word which can not be translated. 
3.1n the drawings, any words arc not translated. 

EFFECT OF THE IN VENTION _ 

[effect of the .nvenuon] Since the organic device ^IT^^Z^^^^^ 

example, the interface barrier of a gianl-molecule conductor^in^.entjayer and the l*™"^ ^ e ^, lent conventionally 



exwnple, the interface barrier of a gianl-molecule conductor mgrco.ent myer ^ F^T^-^ aJ£ - , lent conventionally 
^ingredient layer, it wpar8 « on waf 

than a well-known organic rect.fy.ng J^SSlM ™ j£SJ£d to an opposite direction, it functions also as an 

invention is a greatest object 

— - 
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TECHNICAL PR OBLEM l+T— 

[Problem*) to be Solved by the Invention] Although this fi^S V 
SSSifc ^^i^ c^cS^mposition and He property, and^is 
SSSt S^ZSSS^^ Z« _A.. *nc also about application. , 
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m2 



MEANS 



iter 
i layer 

metallic sulfide, and an alloy oxide, releasing group) permutation- 10-(aralkyl or nuclear substitution o^yTyS m i i 10- 

[0005] The electron releasnig group m5-( 6 leotron releasing group; p ^ ^ amino group, an alky Iambic i Wdicol, 

dihydrophenazine (it Is hereafter ""'^P^"'^ radical, a PEP1R1JIRU radic. L a 

following. .„u„^,h„n QralkvH radical In phenazine, benzyl, a phcnylcthyi radical end p-alkyl benzyl (ftr 

[0006] With lO^aralkyl or n^kor sub^cn^ 

example, p-mefhylbenzyl radical -) P-ethyl beijzyl. \ -^J^&o benzyl, p-cyano benzyl, p-nitrobenzyl rao »c*l, p- 
(N-permutatlon amino) benzyl ^ . 
fluoro benzyl, p-nuoro methylbenzyl radical, p-chloro benzyl, P^BUROMO D ! n ^P; ^diamine benzyl, m-Jl (N-permil 
S-dimethylbenzyl radical), m-dialkoxy benzyl (for example. 3 and 5sJ^cAc^ ben^l ; m a^ino ^ i~ 
Lino) bU^-ecrew Uuorometh^ , 
«,d 3-dichloro benzyl -) There ere 3, 4-dichloro benzyl. !^Jfcyi of tbe eralkyl radical oombi 

m-dibromc benzyl, m-diiodo benay , etc. In j ^°*^ c ^ on J™"^ ^v^Svoumay San* also wftnthe straight chain 1 , 
least with 10- of phenazine is 1-4 pieces and, sorts ofXure^lfficient 

[0007] As long as this phenazine » the above-mennoned compound, , « may **£°£P antioxidant of an amount UV st?) lilizcr- 

m it. The spacer powder (plastics powder, silica powder, silicone ^^J^^^^SS^ are used as the fiL; and 
proof, and kmickness control material may be added a hide for j.^^^'^^S ouTasrtecic material of membranous 
Hnle content of the coloring matter (a coloring agent charge of fluorescence) may oe cameo oiu *» «• 

^lyacethylene a f^^^^^SS^^^Z ^SSSSS^ the poly pyridine. Fori (N-mctfay , ^rrole), 
a polyvinyl carbazole. the poly diacetylenc, Conductive ^*™r.™'~ „ . ■ _» ^ conteln mese can also be used. | 
poly picoline, etc., and these can use doping cither a non-doped object or ^ "tKS^are^n^c graphite, a conducive 

[00 1 1] ea a metal system ingredient - a metal (for example, gold, « vcr, f^^^^S^£S7S such «a ^Jconlum E [7 
magnesium, f * 
titanium alloy, e Magnesium alloy, T^Sm defect from oxidization titanium, the tin oxide, a zmc oxide, oxiductocm 

metallic oxide), etc.. and contain these can also be used. maoromoleoule conductor ingredient layer and a tnacr 9 Inolecule 

[00121 The phenazine film said to this invenilOD is prepared bewcen a m ^^lXJTm^ s^^inu^dient layers or be Ween a 
conductor ingredient layer or in between a ">^ole^e^^etor ) ^^^ ] ^^Z^^^^ori is «f Sclent as 

i*» 09.04 
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syBtem bgredi.ni Uyer of- exchange '^^*^^^^^\ a further required after usually being prepared on 
r00131 Although it will be covered with a flbn If the above lminated matenoiw . suite ble electrode section, dep 

on the object, a lammaung may be ^J^^^^^S^cmSSm ingredient layer, or the thickness of err 
arbitration with the thickness of e substrate, *?J^°2l£ ttTslo^ to make It the thickness of 200-5000A by tbe monolayer, 
system ingredient layer. However, about the phenazme film, it u gooo xo " ««_ ™£« mu w sl ory [ of the pbenazinc filn: 
?h.refore!aithoagh sum total thickness wJT ^X^S^iXSSSS Slackness of each phenazine flta + 
carried out, it is desirable to take care so ttar S^SSm ££taese should «arn to become homogeneity to Ihd 1 
the limite of 20O-S0OOA and it may become about 200-2000A. In addition, uuciowm BOOU ' u 

Gwffbo. approach of the de^s is adopted as an approach of, ****g£g*i iffiS^em^e'ins 
1) fte approTh (3) of pointing a vacuum ??<»^^ *H ^ique, the 

and drying -^approach f*™*£££l ^S^S^X^SSSS » me object, end may carry out et 
up method, the electrostatic sticking method; may panemuw _ fl L e _ ize a aarhaH e selectively. 

the phencxine film 4. _ . ^ ^.i„wu iekn«rnrv t« make it the transDorent electrode which coyered 



J US I i 

dep siding 

;e t \ : 

lis 



; include id), 



the whole surface of a substrate ]^^^^SSul^ sHverf aluminum, an indium. Indium tin oxide (JTO film), end t 

-addition. w heD using especially as a SuminuTas one electrode, as fordU 

[0017] Although it changes with classes Of electrode 2 »™« a •"JJJ^'^aS| 1|I1 of this invention on an aluimnuS 
fabrication sequence of an organic rectifying device, it « *ainUe **™ e *^2^^S!^edSS and a epin coat method, sr 
electrode by approaches, such as a vacuum ^^*JV°£ *2g£%S$£i fn^W b jit" carry out vacuum de T 
carry out the laminating of the maoromolecule comtactor layer « « «at. Ana wnat is ncccssanr 

of the counter electrodes, such as a golden e \» c ^^^ f ^^^, ectrode formeQ by fce SUPPATA Ling's method etc 
xo cany out vacuum deposition of the electrodes, such as aluminum, if needed. 



patting- 

tolii ag 



\ conduct C i 
fbrrn fed on 



tin 



snpio 
deposition 



, for 



tar, {et, 
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iient 



OPERATION 



M in the organic rectifying device of this — 

chargi and bo* layers by el^^-potant^dlfterence taprcsstor ^JJ^" t^J^yfoSncd in the interface of aS. nt : _ 
which the barrier of a shot key mold or » h « te fl r g» H ^ n "JJ ™SJ devicTof this Invention, in order to oppose an^lftnc 
molecule conductor layer and ^J^^^S^^S!SSX^apaiM exposure, separation of a charse arises b} hi 
potential gradient, a current does not flow but ™'°" B " Ltitfel cmdienrTnerefore, by covering a load and I ' 

interface and transport of a charse arises ineccordnnoewith an e ™™£^T^^„\ photo^urrent is acquired and It ftwttions 
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EXAMPLE 



lExemple] Aboutthe organic *f!**B 

representation extracted from the ina.de oUi^^^^eatttm^^ an ^ lts ^ which ^ not deviate fronjfr 



meaning and pneuroa of this 
structure was manufactured. 




'enxion 



)[ward 

used as forward. At this time, change ot the pnouacuirom-vu lightwave lenath-photocurrent is shown. From this g R ph. 

Drawing* is the graph of the action a P^^^\^^^^?iofZ SSpSn maximum of (-) and PMeT J a F 
when an optical exposure u earned out from a golden ^^^"^"f* p^eT is^own and it turns out that an activity si i j is not 

aluminum and MMDP is also known by functionmg as a* *™ n s 10-dihvdrophenazine S-methyKhereaiUr called 

b«^d dlanWino^ direct-current applied voltage to these sandwiches eels continuously under dark, a current change anita* 1© , 
H B 2 wTalSwn^mdit wS checked that the same rectification occurs. A rectification ratio Is die comport which us. 
MMODP «" ?38 (™ 4v) Twfth 10000 (™ 4v) and the component ustng wlDNDP in the component using 12000 <"2v) add 1 
and it turned cut that it has *• ^£^"*EbJ £o to* ""which UB ed other macromolecul. conductor ingredientl 

oxide (rectiflcation ratio 4000). antimony-pcntechloride doping ton ox.de (rectificanon ratio 14000), and conductive copper su 
(rectification ratio 10000) was obtained. 
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DESCRIPTION OF DRAWINGS 



\jon 1 



Kgr^i^SrS.hovving one example of the organic reccing device of** 

mSS 2 is Se graph which shows the ourrent-voltage characteristic of the organ c ract,£,n B dev.ee of Jus mvenUon. 
nSES 31 t is the wZh which shows the current-voltage characteristic of the organic rectifying dev.ee of this invention 
jgggj] ft is Sc i3 SS s2ow 8 the absorption ,£ ctrum of the photocurrent action spectrum of the organic reot,fytng 
of this invention, PMeT, and MMDP. 
(Description of Notations] 

1 Substrate 

2 Electrode 

3 Macromolccule Conductor Layer 

4 Phcnazdnc Film 

5 Electrode 



c evnee 
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